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Description 

This invention is concerned with polymer mede by sequential emulsion polymerization and 
containing acid core polymer at least partially encased in sheath polymer that is permeable to volatile 
5 base to swell the core. The polymers may be used as opacifiers. 

Microvoid-containing polymer particles serving as hiding or opacifying 8gents in coating and 
molding compositions are known. Organic solvents and blowing agents are used predominantly to 
prepare such polymers. 

US — A — 3,819,542 (Kreider) though containing no disclosure of the production of microvoid- 

io containing polymer particles to serve as opacifying agents in coating compositions, is of background 
interest to show the use of organic solvents in a latex coating composition to produce a cellular film or 
drying. More specifically this patent uses a mixture of a primary organic solvent such as xylene, 
immiscible with the aqueous phase of the latex coating composition and a secondary organic solvent, 
such as propylene glycol, at least partially water-miscible and having lesser volatility and lesser 

ts solvating capacity for the polymer in the latex than the primary solvent. Upon evaporation of the 
primary solvent, a cellular film is obtained, the secondary solvent increasing the opacification. 

US — A — 3,891,577 (Kershaw et al) prepares a vesiculated polymer by converting to a solid 
polymer a liquid medium containing dispersed therein particles of another polymer swollen by a liquid 
swellant, the liquid swellant then being at least partially removed from the disperse polymer particles. 

20 The liquid medium may be converted to a solid by removal of solvent, e.g., from a solution of a solid 
polymer, or preferably by polymerization of a monomer or comonomers or an oligomer or a mixture of 
these. Optionally a dissolved polymer may be present in the liquid to be polymerized. Solidification of 
the liquid In which the swollen particles are dispersed and removal of the swellant is then carried out to 
provide the vesiculated polymer, which may be in massive form, as a film, or in the form of a coating 

25 applied to a substrate. 

In another embodiment according to US — A — 389 1 577, the dispersion of swollen polymer in the 
liquid medium may itself be dispersed in a further liquid in which it is insoluble. The further liquid is 
referred to as the suspending liquid. Solidification of the medium is then carried out and after 
separation of the granules so formed from the suspending liquid, liquid swellant may be removed from 

30 the swollen polymer to provide vesiculated polymer in granular form. Alternatively, when, for example, 
the vesiculated granules are to be used in a coating composition with which the suspending liquid is 
compatible, the granules formed by solidification of the medium may be incorporated into the 
composition as a slurry in at least part of the suspending liquid. On applying the composition to a 
substrate, formation of a coating film and removal of swellant from the swollen disperse polymer to 

35 form the vesicles within the granules then take place concurrently. 

Whereas US — A — 3,891,577 discloses a wide range of swellable disperse polymers including 
those containing an acid group that would be swollen by water having a pH greater than 7, e.g. water 
containing ammonia, and whereas it mentions that aqueous emulsion polymerization can be used to 
make the swellable polymer particles in a latex that can be added to a water-miscible medium to be 

40 solidified or that can be dried to form particles that can be redispersed in such a medium, nevertheless, 
the patent primarily depends on the process of dispersion (non-aqueous) polymerization to prepare the 
swellable polymer particles as pointed out in column 5, lines 28 to 53, and elsewhere in the general 
description, as well as in most, if not all the working examples of the patent. Such procedures are 
generally complicated and involve the use of organic solvents with the attendant health and fire hazards 

45 as well as the need to provide expensive solvent exhaust and/or recovery systems. 

CA — A — 888,129 discloses the preparation of a two-stage latex dispersion of particles having a 
core containing a blowing agent and an encapsulating layer. The particles are subsequently heated to 
develop gas and foam the particles. 

US — A — 3,914,338 (Krieg et al) discloses the production of opalescent polymer particles for use 

so in polymethyl methacrylate molding compositions consisting of a core of a crosslinked styrene 
emulsion polymer of a particle diameter of at least 0.8 micrometer and having grafted thereon, as by a 
subsequent stage of emulsion polymerization, a sheath of a methyl methacrylate polymer. Opalescence 
apparently depends on the different refractive indices of the core and sheath. 

In accordance with the present invention there is provided a process for making an aqueous 

55 dispersion of water-insoluble multi-stage polymer comprising (i) sequentially emulsion polymerising at 
a temperature of 10 to 100°C in an aqueous medium containing free radical initiator (a) at least one 
monomer charge containing carboxylic acid monomer to thereby form dispersed core particles having 
an average diameter of 0.05 to 1 micrometer and encapsulating the resulting core stage(s) by (ii) 
polymerising thereon (b) at least one subsequent sheath monomer system comprising 

60 monoethylenically unsaturated monomer having no ionizable group, to form sheath polymer on the 
core particles, any monoethylenically unsaturated carboxylic acid in the sheath monomer being present 
in an amount of no more than 10% by weight of the sheath monomer, the proportion of carboxylic acid 
in the sheath monomer mixture(s) being less than one third of the proportion thereof in the core 
monomer mixture(s) the resultant core-sheath particles having an average diameter before 

55 neutralization and swelling of from 0.07 to 4.5 micrometers, the relative amounts of core monomer (a) 
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and sheath monomer (b) being such that the weight ratio of the core stage(s) to be total poiymer in the 
resulting dispersed particles is from 1:4 to 1:1 00, said acid stage(s) being swellable upon at least 
partial neutralisation with volatile base and said encapsulating stage(s) being permeable to volatile 
base selected from ammonia and amines, the exterior sheath having a T, of greater than 50°C, and (iii) 

5 neutralising with ammonia or amine so as to swell the core and form particles which when dried 
contain a single void; the particles being non-film-forming at 20°C. 

The encapsulation can be measured by the titer of the polymerised acid given with alkali metal 
hydroxide; a given titer of said polymerised acid with aqueous alkali metal hydroxide for less than 50% 
thereof thereby indicating more than 50% encapsulation. 

to The present invention therefore applies sequential emulsion polymerization in an aqueous 
medium to the formation of an aqueous dispersion of water-insoluble hetero-polymer particles 
comprising (1 ) an ionic core polymer containing ionizable acid groups making the core swellable by the 
action of a swelling agent consisting essentially of an aqueous liquid or a gaseous medium containing a 
volatile base to at least partially neutralize (to a pH of at least 6 to 10) the acid core polymer and 

IB thereby to cause swelling by hydration thereof and (2) a sheath polymer on the core, the sheath being 
permeable to the swelling agent. The composition of sheath polymer in the preferred embodiments is 
such as to render it non-permeable at ambient temperature (e.g. at room temperature of about 20°C) 
to fixed or permanent bases, such as sodium, potassium, calcium or magnesium hydroxide. However 
the permeability, which may be at room temperature or at moderately elevated temperature, such as up 

20 to 80°C to 120°C, to a volatile neutralizing base, such as ammonia, or an organic neutralizing base, 
such as morpholine or a lower aliphatic amine, e.g., triethylamine, diethanolamine, triethanolamine, 
allows swelling of the acid core polymer by such volatile bases in aqueous or gaseous media, but not 
permeable to enable films to be deposited from aqueous coating compositions which comprise a 
volatile base-swollen core of the core/sheath polymer and which, in the preferred embodiments just 

25 described, upon drying and resultant (at least partial) removal by volatilization of the base are not 
damaged by any permanent base present in the substrate coated or in solutions used later for cleaning 
the films. 

In another preferred aspect of the Invention there is provided multi-stage polymer such as 
obtained by the above described process having at least one stage polymerized from a monomer 

30 charge comprising carboxylic acid monomer and at least one subsequent stage substantially 
encapsulating said acid-containing stage(s) (as evidenced by titration of said polymerized acid with 
aqueous alkali metal hydroxide providing a titer for less than 50% of the acid thereby indicating more 
than 50% encapsulation) in a weight ratio of core stage(s) to total polymer of 1 :4 to 1 MOO, said acid 
stage(s) being swellable upon neutralization with volatile base and said encapsulating stage(s) being 

35 permeable to said base the exterior sheath having a T, of greater than 50°C and the particles being 
non-film-forming at 20°C and either being capable, on neutralisation with ammonia or amine so as to 
swell the core and subsequent drying, of formation of a single void or, having been so neutralised and 
dried, containing a single void. Preferably the degree of encapsulation is at least 85%. The polymer may 
be in swollen or unswollen form. Such polymer may have, as a further feature, any of the characteristics 

4o of polymers produced by the process of the invention. 

The invention also extends to the use of the above described polymers in coating anchor 
impregnating compositions. Such a composition may contain one or more of the conventional coating 
composition additives, such as pigment mentioned herein. 

The terms "core", "sheath" and "core/sheath polymer" are used herein for convenient descrip- 

45 tion of the polymer particles. The particles may not always have the precise structure implied by these 
terms. 

In one preferred aspect of this invention, which provides a process for making an aqueous 
dispersion of water-insoluble core/sheath polymer particles in which the core contains acid groups that 
render it swellable by neutralization with a volatile base to at least twice its volume, the sheath being 

go permeable to a said base, the core monomer system(s) comprises (a) at least one monoethylenically 
unsaturated monomer having a group of the formula H 2 C=C< at least one of which has a carboxylic 
acid group, and the carboxylic monomer comprises at least 5% by weight of the core monomer, to form 
the dispersed core polymer particles. 

The term "sequentially emulsion polymerized" or "sequentially emulsion produced" refers to 

65 polymers (which term includes copolymers as well, as homopolymers) which are prepared in aqueous 
medium by an emulsion polymerization process wherein the dispersed polymer particles of a preformed 
latex or "seed" polymer in the aqueous medium are increased in size by deposition thereon of 
polymerized product of one or more successive monomer charges introduced into, the medium 
containing dispersed particles of the preformed latex in one or more subsequent stages. When there is 

60 no additional emulslfier (or surfactant) introduced with the subsequent monomer charges, essentially 
no additional micelles are formed during the subsequent stages of polymerization and practically all of 
the monomer charges added later polymerize onto the latex polymer particles present at the time of 
charging and the resulting polymer product may appropriately be called a "unimodal" sequentially 
polymerized heteropolymer. However, a "polymodal", for Instance a "dirnodal", trimodal", or 

65 "multimodal" heteropolymer may be obtained by introducing additional emulsifier or surfactant with 
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one (to produce a dimodal) or more (to produce tri-, tetramodal, etc.) of the subsequent charges. In 
such instances, the monomer charge accompanied by additional surfactant is partly polymerized on the 
dispersed polymer particles already present and partly polymerized on the additional micelles created 
by the additional surfactant, the relative proportion of the monomer charge contributing to the two 
5 effects being generally related to the amount of surfactant added with the monomer charge. 

In this type of polymerization, all of the monomer of each succeeding stage or phase is attached 
to and intimately associated with the dispersed particles resulting from the immediately preceding 
stage of phase when no additional surfactant is added in the subsequent stages. When additional 
micelle-forming surfactant is added in a particular monomer charge, part of the monomer in the charge 

to is so attached and intimately associated with the polymer particles present in the system at the time of 
monomer/surfactant addition and part produces additional dispersed particles, yielding a multimodal 
heteropolymer. Although the exact nature of this attachment is not known, and while it may be 
chemical or physical or both, the sequentially prepared polymers or copolymers of the present invention 
are characterized by and or made by a process in which the total particle content is substantially 

15 predetermined, in terms of number, by the use of a preformed latex to provide an initial dispersed 
particle content and either (1) avoiding the addition of surfactant with the subsequent monomer 
charges whereby a monomodal or unimodal heteropolymer is obtained containing essentially the same 
number of dispersed polymer particles as the initial latex or (2) incorporating a limited amount of 
additional emulsifying surfactant in one or more of the subsequently added monomer charges to 

20 produce a multimodal or polymodal polymer dispersion in which the number of dispersed polymer 
particles derived by attachment or intimate association with the dispersed polymer particles of the 
initial or seed latex is the essential or significant mode by virtue of its "large-size" particles and the 
dispersed polymer particles produced on other micelles formed by including surfactant in one or more 
of the subsequent monomer charges provide a second and/or third, and so on mode, all such additional 

25 modes, whether one, two, three, or more being relatively insignificant with respect to the essential 
mode. In multimodal polymers made in accordance with the present invention, the essential or "large- 
size particle" mode constitutes at least 25% of the total amount of dispersed polymer particles in terms 
of weight. A preferred embodiment of multimodal product is a bimodal polymer in which the essential 
or significant mode derived from the dispersed particles of initial, preformed seed latex constitutes at 

30 least 75% to 85% of the total weight. The essential mode may simply be referred to as the "main" 
mode regardless of the proportion of such mode in multimodal dispersion because it is the significant 
mode, but in the preferred embodiment the essential mode or main mode is also the predominant 
mode. The first stage of monomer charge containing additional surfactant to prepare a multimodal 
product may be at the time of any of the successive monomer charges after at least 1 0% to 50% by 

35 weight of the total monomer or monomers to be polymerized on the particles of the initial preformed 
latex have been so polymerized. 

In the multistage sequential emulsion polymerization with which the present invention is 
concerned, the term "seed" polymer is used to refer to an aqueous emulsion polymer dispersion which 
may be the initially-formed dispersion, that is the product of a single stage of emulsion polymerization 

40 or it may be the emulsion polymer dispersion obtained at the end of any subsequent stage except the 
final stage of the sequential polymerization. Thus, an alkali-swellable polymer which is herein intended 
to be provided with a sheath by one or more subsequent stages of emulsion polymerization may itself 
be termed a seed polymer for the next stage wherein the sheath-forming polymer is deposited on such 
seed polymer particles. 

45 The core polymer may be the product of aqueous emulsion polymerization of one or more 
monoethylenically unsaturated monomers containing a group of the formula — HC=C< and a 
carboxylic acid group. Suitable acid monomers include acrylic acid, methacrylic acid, 
(meth)acryloxypropionic acid, itaconic acid, aconitic acid, maleic acid or anhydride, fumaric acid, 
crotonic acid, monomethyl maleate, monomethyl f umarate, and monomethyl itaconate. 

so The core polymer may be obtained by the emulsion homopolymerization of such an acid 
monomer or by copolymerization of two or more acid monomers. However, in preferred embodiments, 
an acid monomer or a mixture of acid monomers Is copolymerized with one or more ethylenically 
unsaturated monomers of non-ionic character (that is, having no ionizable group) having one or more 
ethylenic unsaturated groups of the formula H 2 C=C. 

B $ The preferred acid monomers that may be used in providing an alkali-swellable core are acrylic 
acid and methacrylic acid and mixtures thereof; other preferred acid monomers that may be used 
include acryloxypropionic acid, methacryloxypropionic acid, acryioxyacetic acid, methacryloxyacetic 
acid, and monomethyl acid itaconate. 

Examples of nonlonlc monoethylenically unsaturated monomers include styrene, vinyltoluene, 

60 ethylene, vinyl acetate, vinyl chloride, vinylidene chloride, acrylonitrile, (methjacrylamide, various (C, — 
C 20 )alkyl or (C 3 — C 20 )alkenyl esters of (meth)acrylic acid, (The expression (meth)acrylic acid is intended 
to serve as a generic expression embracing both acrylic acid and methacrylic acid.) e.g., methyl 
methacrylate, methyl acryiate, ethyl (meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, 
benzyl (meth)acrylate, lauryl (meth)acrylate, oleyl (meth)acrylate, palmityl (meth)acrylate, and stearyl 

& (meth)acrylate. In general, core copolymers containing at least 5%, preferably at least 1 0% by weight of 
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acid mers have practical swellability for the purposes of the present invention but there may be 
instances wherein, because of the hydrophobicity of certain comonomers or combinations thereof in 
conjunction with the hydrophobic/hydrophilic balance of a particular acid monomer, the copolymer may 
require somewhat less than 5 weight percent of acid monomer or considerably more than 5 weight 
5 percent thereof, and in the latter instance, a preferred proportion of acid monomer is at least 1 0 weight 
percent based on the total weight of core-producing monomer mixture. As may be seen by the 
reference to homopolymerization of an acid monomer core, the invention includes a core which 
contains 10096 of the addition polymerizable carboxylic acid. A preferred maximum quantity of acid 
monomer is 70% of the total core monomers, by weight, a preferred minimum 1 5%. 

w The core polymer may, and preferably does, comprise as one component thereof a small amount 
of a polyethylenically unsaturated monomer, such as ethylene glycol di(meth)acrylate, ally! 
(meth)acrylate, 1 ,3-butane-diol di(meth)acrylate, diethylene glycol di(meth)acrylate, trimethylol 
propane trimethacrylate, or divinyl benzene, the proportion thereof being in the range of 0.1% to 20%, 
preferably 0.1% to 3%, by weight, based on the total monomer weight of the core, the amount used 

is generally being approximately directly proportional to the amount of acid monomer used. Butadiene is 
exceptional in that it often functions as a monoethylenically unsaturated monomer especially in 
mixtures with styrene so the amount of butadiene, if used, may be as much as 30 to 60 percent by 
weight of the total core monomer weight. 

While the core may be made in a single stage or step of the sequential polymerization and the 

20 sheath may be the product of a single sequential stage or step following the core stage, nevertheless, 
the making of the core component may involve a plurality of steps in sequence followed by the making 
of the sheath which may involve a series of sequential steps as well. 

Thus, the first stage of emulsion polymerization in the process of the present invention may be the 
preparation of a seed polymer containing small dispersed polymer particles insoluble in the aqueous 

25 emulsion polymerization medium. This seed polymer may or may not contain any acid component but 
provides particles of minute size which form the nuclei on which the core polymer of acid monomer, 
with or without nonionic comonomer(s), is formed. 

As is common to aqueous emulsion polymers, there is used a water-soluble free radical initiator, 
such as hydrogen peroxide, tert-butyl peroxide, or an alkali metal (sodium, potassium or lithium) or 

30 ammonium persulfate or a mixture of such an initiator with a reducing agent, such as a sulfite, more 
specifically an alkali metal metabisulfite, hydrosulfite, or hyposulfite, or sodium formaldehyde 
sulfoxylate, to form a redox system. The amount of initiator may be from 0.01 to 2% by weight of the 
monomer charged and In a redox system, a corresponding range (0.01 to 2%) of reducing agent is used. 
The temperature may be in the range of 10°C. to 100°C. In the case of the persulfate systems, the 

35 temperature is preferably in the range of 60° to 90°C. In the redox system, the temperature is 
preferably in the range of 30° to 70°C, preferably below about 60°C, more preferably In the range of 
30°— 45°C. The proportion of emulsifier may be zero, in the situation wherein' a persulfate initiator is 
used, to about 0.3 weight percent, based on the weight of monomer charged to the first stage of 
polymerization. By carrying out the emulsion polymerization while maintaining iow levels of emulsifier, 
the subsequent stages of polymer-formation deposit the most-recently formed polymer on the existing 
dispersed polymer particles resulting from the preceding step or stage. As a general rule, the amount of 
emulsifier should be kept below that corresponding to the critical micelle concentration for a particular 
monomer system, but while this limitation is preferable and produces a unimodal product, it has been 
found that in some systems the critical micelle concentration of the emulsifier may be exceeded 

46 somewhat without the formation of an objectionable or excessive number of dispersed micelles or 
particles. It is for the purpose of controlling the number of micelles during the various stages of 
polymerization so that the deposition of the subsequently formed polymer in each stage occurs upon 
the dispersed micelles or particles formed in the previous stages, that the concentration of emulsifier is 
kept low. However, as pointed out hereinabove, polymodal products may be obtained by including an 

so emulsifier or surfactant in one or more of the latter monomer charges. 

Any nonionic or anionic emulsifier may be used, either alone or together. Examples of the nonionic 
type of emulsifier include ferf-octylphenoxyethylpoly(39)-ethoxyethanol, and nonylphenoxyethyl- 
poly(40)ethoxyethanol. Examples of anionic emulsifiers include sodium lauryl sulfate, sodium dodecyl 
benzene sulfonate. fertoctyiphenoxyethoxypoly(39)ethoxyethyl sulfate, sodium salt. 

65 The molecular weight of the polymer formed in a given stage may range from 100,000, or lower if 
a chain transfer agent is used, to several million viscosity average. When 0.1 to 20 weight % of a 
polyethylenically unsaturated monomer mentioned hereinbefore is used in making the acid polymer, 
the molecular weight is increased whether or not crosslinking occurs. The use of the polyethylenically 
unsaturated monomer reduces the tendency of the core polymer to dissolve when the multistage 

60 polymer is treated with a swellant for the core. If it Is desired to produce an acid polymer having a 
molecular weight in the lower part of the range, such as from 500,000 down to as low as 20,000, it is 
frequently most practical to do so by avoiding the polyethylenically unsaturated monomers and using a 
chain transfer agent instead, such as 0.05 to 2% or more thereof, examples being a lower alkyl 
mercaptan, such as sec-butyl mercaptan. 

65 The acid-containing core polymer, whether obtained by a single stage process or a process 
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involving several stages, has an average size of 0.05 to 1.0, preferably 0.1 to 0.5, more preferably 0.2 
to 0.5 micrometer diameter in unswollen condition, if the core Is obtained from a seed polymer, 
whether or not the latter contains acid groups or mers, the seed polymer may have an average size in 
the range of 0.03 to 0.2 micrometer diameter. 
5 After the acid core is obtained, a subsequent stage or stages of emulsion polymerization is 
effected to form a sheath polymer on the acid core polymer particles of micelles. This may be 
performed in the same reaction vessel in which the formation of the core was accomplished or the 
reaction medium containing the dispersed core particles may be transferred to another reaction 
container. It is generally unnecessary to add emulsifier unless a polymodal product is desired, but in 

io certain monomer/emulsifier systems for forming the sheath, the tendency to produce gum or coagulum 
in the reaction medium may be reduced or prevented by the addition of 0.05 to 0.5% by weight, based 
on sheath-forming monomer weight, of emulsifier without detriment to the deposition of the polymer 
formed on the previously formed core particles. 

The monomers used to form the sheath polymer on the acid core particles may be any of the 

is nonionic monoethylenically unsaturated comonomers mentioned hereinbefore for the making of the 
core. The monomers used and the relative proportions thereof in any copolymers formed should be 
such that the sheath thereby formed is permeable to an aqueous or gaseous volatile basic swellant for 
the acid core but not to a permanent base. In spite of their hydrophoblcity, the extremely non-polar or 
low-polar monomers, namely, styrene, or-methyl styrene, vinyl toluene, ethylene, vinyl chloride and 

20 vinylidene chloride are useful alone (except in the first stage of sheath formation) or in admixture with 
more highly polar monomers in the list, such as vinyl acetate. Monomeric mixtures for making the 
sheath may contain up to 10% by weight, but preferably not over 5% by weight, of an acid monomer, 
such as one of the monomeric acids mentioned hereinbefore for making the core. However, the 
proportion of acid in the sheath polymer should not exceed one-third the proportion thereof in the core 

is polymer. The content of acid monomer serves either or both of two functions, namely stabilization of 
the final sequential polymer dispersion and assuring permeability of the sheath to a volatile base 
swellant for the core. 

The amount of polymer deposited to form sheath polymer is such as to provide an overall size of 
the multistage polymer particle of 0.07 to 4.5 micrometers preferably 0.1 to 3.5 micrometers, more 

30 preferably 0.2 to 2.0 micrometers, in unswollen condition (that is, before any neutralization to raise the 
pH to 6 or higher) whether the sheath polymer is formed in a single stage or in a plurality of stages. In 
unswollen state, the ratio of core weight to the total weight on average is from 1 :4 to 1 :1 00, preferably 
from 1 :4 to 1 :50, more preferably 1 :8 to 1 :50 which on the basis of corersheath ratio is 1 :3 to 1 :99, 
preferably 1 :3 to 1 :49, more preferably 1 :7 to 1 :49. After volatilization of the water and volatile base, 

as e.g. NH 3 , from the enlarged, swollen particle, to produce a microvold therein, the ratio of void volume to 
total volume of the particle on average should be from 5% to 95% and preferably is at least 15%. 
Generally, a single void is formed in each particle. 

The multistage heterogeneous particulate polymer containing the acid core is swollen when the 
particles are subjected to an aqueous basic swellant that permeates the sheath and expands the core, 

40 which expansion may involve partial merging of the outer periphery of the core into the pores of the 
inner periphery of the sheath and also partial enlargement or bulging of the sheath and the entire 
particle overall. When the swellant is removed by drying, the shrinkage of the core tends to develop a 
microvoid, the extent of which depends on the resistance of the sheath to restoration to its previous 
size. Suitable swelling agents for acid-containing cores are ammonia, ammonium hydroxide, or a 

45 volatile lower aliphatic amine, such as trlmethylamlne, and triethylamine. 

The monomer or monomers of the sheath may be selected to produce a sheath polymer having a 
relatively moderate to high glass transition temperature. 

T, is the apparent second order transition temperature or inflection temperature which is found by 
plotting the modulus of rigidity against temperature. A convenient method for determining modulus of 

50 rigidity and transition temperature is described by I. Williamson, British Plastics 23, 87 — 90, 102 
(September 1 950). The T, value here used is that determined at 300 kg/cm 2 . 

As indicated elsewhere herein, the core is preferably relatively hard, as indicated by calculated or 
measured core T t , or the core polymer is crosslinked by a polyunsaturated monomer. A useful limit for 
hardness (or softness) of the core is that less than 40% of butyl acrylate (T, of between — 50°C and 

55 —55°C) Is used, or no more than an amount of an equivalent monomer is used which would give a 
comparable T, when using the same comonomer combination. Thus, for a copolymer of 40% butyl 
acrylate and 60% methyl methacrylate, the calculated T, is about 20°C. When ethyl acrylate is 
substituted for butyl acrylate, a copolymer of 60% ethyl acrylate and 40% methyl methacrylate gives a 
calculated T, of about 17°C. Of course, the acid monomer confers a higher T,. When using different 

50 monomer compositions, particularly with crosslinkers, this rule-of-thumb is not always strictly 
applicable. Nevertheless, it is a useful guideline. 

The monomer or monomers and the relative proportions thereof in the sheath-producing stage 
must be selected to produce a sheath polymer having a T, greater than 50°C, and preferably between 
50°C and 100°C. The swelling and subsequent removal of the swelling agent in this instance favours 

55 the formation and retention of the mlcrovoids. The swelling may be carried out at a temperature 
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corresponding to the T,, or somewhat above it, to favour rapid penetration of the swelling agent through 
the sheath to swell the core and by softening the sheath, to allow the core greater freedom of 
expansion against the confinement by the sheath. After expansion by the swellant to the desired extent, 
the expanded particles are cooled to a temperature below their T, to set the sheath and then the 
5 swellant is removed (at least partially) from the particles by drying at the lower temperature, resulting in 
the formation of microvoids in the cores of the particles. For best results to obtain microvoids, it is 
important to remove water rapidly from the cores. Slow drying at high humidity may be detrimental to 
microvoid formation. 

In another preferred embodiment the sheath is crosslinked by including in the monomer mixture 
10 used for forming the sheath 1% to 50% by weight, based on the total monomer weight in the mixture, 
of a polyethylenically unsaturated monomer such as one of those mentioned hereinbefore for making 
the core polymer. The crosslinking of the sheath serves to render it more stable structurally so that on 
drying the swollen particles to remove swellant, the shrinkage of the swollen core produces microvoids 
therein but the sheath resists collapse so that the microvoids formed are essentially retained within the 
15 particle which also remains essentially in spherical shape. One method involving the formation of a 
crosslinked sheath Is to swell the dispersed polymer-particles by neutralization of the acid-containing 
core just before the stage of polymerizing the crosslinked phase of the sheath, or before completion of 
this stage when the content of polyethylenically unsaturated monomer therein is over about 5 weight 
percent of the monomer mixture used therein, so that the last mentioned stage is carried out on the 
20 swollen particles and favors retention of the structure when voids are produced on subsequent removal 
of swellant. 

In this last-mentioned embodiment wherein the sheath is crosslinked, this may be effected in a 
single sheath-forming stage or it may be effected by using a multistage sheath-forming procedure in 
which the polyethylenically unsaturated crosslinking monomer is omitted from the first sheath-forming 

25 monomer mixture but is included in the monomer mixture used in a later stage, such as the second or 
third stage. It is remarkable that even in this multistage procedure, the crosslinking frequently occurs at 
the interface between the acid core and the surrounding sheath so that the expanded structure of the 
sheath tends to be maintained upon removal of the ammonia or other swellant from the core, thereby 
favoring the development of microvoids in the core. 

so The multiple-stage core-sheath polymer dispersions of the present invention are useful for 
aqueous coating and impregnating compositions, such as those of US — A — 2,795,564 supra, as 
opacifying agents in such compositions either as a supplement to, or replacement of, pigmentary 
matter and/or extenders therefor. For these purposes, the aqueous dispersions of the core-sheath 
polymer may be added directly to the coating and/or impregnating compositions. Alternatively, the 

35 core/sheath polymers may be isolated from the dispersions, after swelling of their cores, by filtration or 
decantation, and then the swellant may be removed, as by drying or volatilization, under conditions 
such that microvoids are formed and retained in the individual polymer particles or granules, the latter 
being more or less free-flowing in character so that they can be packaged, sold and shipped or stored 
before use. The dry powder thus obtained can also be used in coatings based on organic solvents 

40 provided the sheath component of the core-sheath particles is not soluble in the organic solvent. 

In one modification, the acidic-core/sheath polymer particles which may have a crosslinked 
sheath layer may be provided with an outer uncrossiinked relatively softer, film-forming layer having a 
Tj of 1 7° to 20°C. or lower so that the outer surfaces of these particles will coalesce, at their juncture 
with each other and/or with the main binder polymer having a T, around room temperature or lower, 

45 upon drying at normal room temperatures. When the particles comprise a sheath layer having a T, 
between 50°C and 100°C, the uncrossiinked relatively softer exterior layer should have a T, less than 
50°C. and at least 1 0°C. preferably 20°C, lower than that of the hard layer. This embodiment is useful 
in water-base house paints and industrial coatings wherein the core/sheath polymer may serve as part 
of the binder when applied at ambient temperatures or at somewhat higher temperatures followed by a 

so baking step. As stated previously swelling by ammonia or a lower amine generally requires the heating 
of the polymer dispersion sufficiently to allow expansion of the sheath while aiding penetration by the 
volatile base. When crosslinked sheath layer(s) is involved, the swelling by a volatile base is effected 
prior to completion of the polymerization of the crosslinking monomer mixture. 

In addition to the importance of T,, the MFT is important MFT is the minimum film-forming 

65 temperature of the latex particles as the coating is dried, and is determined by the method described in 
Resin Review, Volume 16, No. 2 (1966), with the following modification. The MFT of a conventional 
latex is quite easy to identify visually on a thin film that is deposited on a temperature gradient bar. It is 
the temperature at which film cracking ceases and the film becomes continuous and clear. However, 
with the latices of this invention, deposited films may be relatively free of cracking over the entire 

60 temperature range. Visually, the latices may display no transition from opaque film to translucent film 
to clear-film as one proceeds toward the high temperature end of a temperature gradient bar as would 
be the case with a simple thermoplastic latex particle of uniform composition. Consequently, the visual 
observations may be augmented by scraping at the deposited film with a sharp instrument, such as the 
edge of a metal spatula, to determine the temperature at which the deposited film achieves good 

65 strength and integrity. This allows a more definite identification of the temperature at which there is a 
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transition form a translucent film to a clear, continuous film. This is influenced not only by the Tj of the 
addition copolymer, but by polymer composition and other ingredients such as plasticizers or 
coalescing agents, if used, and their amounts as well as the plasticizing effect of water. Such additives 
to paints thus make shells, having a T, of greater than ambient temperature, film-forming at the desired 

5 temperature. The MFT of course is important only to the coalescable, film forming aspect of the 
invention, and not to the aspect wherein the outer shell is non film forming. 

Besides being useful in water-based paints based on vinyl or acrylic polymer latices or aqueous 
solutions of vinyl or acrylic polymers, to replace all or part of opacifying pigments heretofore used, 
especially those of titanium dioxide, the microvoid-containing particulate polymers of the present 

w invention may be used for similar purposes in other coating systems including resin-forming 
condensation products of thermosetting type, such as phenoplasts and amlnoplasts, including urea- 
formaldehyde and melamine-formaldehyde, and other condensates, e.g., water-dispersible alkyd resins, 
in addition, polymodal heteropolymers of the present invention having a predominant proportion of the 
microvoid-containing large mode and a relatively minor proportion of a small mode can serve not only 

IB the opacifying function of the main large mode but also provide an adhesion-promoting action by way 
of the small mode or modes. 

In the following examples which are illustrative of the Invention, the parts and percentages are by 
weight and temperatures are in degrees Celsius, unless otherwise stated. 

20 Example 0 

Emulsion polymerization of seed polymers 

a) A 5-liter flask equipped with a paddle stirrer, thermometer, nitrogen inlet and reflux condenser 
is used. Deionized water (2900 g) and 5.5 g of sodium dodecylbenzene sulfonate are heated in the flask 
to 78°C under a nitrogen atmosphere with stirring. A monomer emulsion is prepared from 266 g of 

25 deionized water, 0.40 g of sodium dodecylbenzene sulfonate, 416 g of butyl acrylate, 374 g of methyl 
methacrylate and 1 0.4 g of methacrylic acid. Fifty grams of monomer emulsion is added to the flask 
and then 3.0 g of ammonium persulfate dissolved in 10 cm 3 of water. Fifteen minutes later, a gradual 
feed of the remaining monomer emulsion at 1 6 g/min. is begun. The temperature is allowed to rise to 
85°C and is maintained there throughout the monomer addition. Fifteen minutes after the monomer 

30 addition is completed, the reaction mixture is cooled. At 55°C, 1.0 cm 3 of t-butyl hydroperoxide (70%) 
and 0.50 g of sodium formaldehyde sulfoxylate dissolved in 20 g of water are added. At 25°C, 10 g of 
28% aqueous ammonia is added. The product is filtered through a 100-mesh screen and has pH 9.5. 
1 9.6% total solids and average particle diameter 0.06 micrometer (light scatter). 

b) A larger seed polymer dispersion is prepared by the same procedure, only the amount of 
35 sodium dodecylbenzene sulfonate in the initial charge to the flask is reduced to 2.0 g. The product has a 

pH of 9.4, 1 9.5% total solids, and an average particle diameter of 0.095 micron. 

Example 1 

A. A 5-liter round-bottomed flask is equipped with paddle stirrer, thermometer, nitrogen inlet and 
40 reflux condenser. To 2115 g. of deionized water heated to 84°C. in the flask under a nitrogen 

atmosphere there is added 4.2 g. of sodium persulfate dissolved in 25 g. of water followed by 62 g. of 
an acrylic seed polymer dispersion of part b) of Example 0 (19.5% solids, average particle diameter 
0.095 micron). A monomer emulsion consisting of 235 g. of deionized water, 0.8 g. of sodium 
dodecylbenzene sulfonate, 490 g. of methyl methacrylate, 210 g. of methacrylic acid and 3.5 g. of 

45 ethylene glycol diacrylate Is added to the kettle over a 3-hour period at 85°C. After the completion of 
the monomer feed, the dispersion is held at 85°C for 30 minutes, cooled to 25°C and filtered to 
remove coagulum. The filtered dispersion has a pH 2.3, 22.4% solids content and an average particle 
diameter of 0.35 micrometer. A dilute sample of the dispersion is neutralized to pH 10 with ammonia. 
Upon examination with an optical microscope, the average particle diameter is found to be 0.8 

so micrometer corresponding to a swelling ratio of around 1 2 by volume. 

B. To 80 parts of water heated to 85°C. in a stirred reaction kettle is added 0.07 parts of sodium 
persulfate and then 4.5 parts of the polymer dispersion of part A) above (1 part of solid polymer). 
Eighteen parts of methyl methacrylate is added over a 1 -hour period while maintaining the temperature 
at 85°C. The temperature is maintained at 85°C. until greater than 98% of the monomer has reacted. 

55 The product dispersion when examined with an optical microscope Is found to consist of individual 

spherical particles with average diameter 1.0 micrometer showing that the polymethyl methacrylate is 

formed as a layer or sheath about the core obtained in part A. 

Upon titration of a sample of dispersion potentiometrically with 0.5 N potassium hydroxide, no 

carboxylic acid is shown on the titration curve. The first stage polymer of part A. upon similar titration 
so shows all of the theoretical carboxylic acid (3.5 meq. per g. of solid polymer). The zero titer of acid, after 

the polymerization of the methyl methacrylate, shows that the first stage core A. is well encapsulated 

by the second stage namely the product of part B. 

C. A sample of the two-stage polymer of part B. is neutralized with an equivalent amount of (0. 1 8 
meq/g of solid polymer) ammonium hydroxide. After 24 hours, the average particle diameter is still 1.0 

65 micrometer showing that little or no swelling occurs. The neutralized dispersion is heated to 95°C. for 1 
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hour and cooled to room temperature; the average particle diameter is then found to be 1.15 
micrometer showing that swelling has occurred. Samples of the swollen and unswollen two-stage 
dispersions are allowed to evaporate to dryness. The dry powders are immersed in hydrocarbon oil 
(n 0 =1.51) and examined with an optical microscope. The unswollen particles are almost invisible 

5 because of the very small index of refraction difference between the polymer and oil. In contrast, the 
swollen particles show dark circles with average diameter 0.8 micrometer because of the voids inside 
the particles; the polymer shells around the voids are invisible. Transmission electron micrographs of 
the dry two-stage polymer before and after swelling are taken: the unswollen particles appear as dark 
silhouettes due to absorption of the electron beam by the polymer; the swollen particles under the 

w identical conditions have light spots in their centres because the electrons are not absorbed by the 
voids. 

In a similar fashion, a sample of two-stage polymer from part B. is neutralized with an equivalent 
amount of triethylamine and heated to 95°C. for one hour. The sample swells on heating and forms 
voids which remain after drying. 

15 

Example 2 

A blend of the ammonia-swollen polymer dispersion from part C of Example 1 (1 part of solids)- 
and a commercially available acrylic film-forming latex (Rhoplex R AC-64, 3 parts of solids) is drawn 
down over an opacity chart (The Leneta Company, Form 5C). The dry film 2.54x1 CT 8 m (1.0 ml) thick is 

20 whitish. A Kubelka-Munk scattering coefficient (S) is determined by the method of P. B. Mitton and A. 
E. Jacobson (Off. Digest, Sept. 1963, p. 871 — 91 1) and is found to be 1.016x10" s m (0.4/mil.) For 
comparison, the unswollen two-stage polymer obtained in part B. of Example 1 is incorporated in a film 
in the same manner. The dry film is clear=0.0 m (S=0.0/mil). The light-scattering of the film containing 
the swollen two-stage polymer is due to voids in the film. The voids can be seen with an optical 

2S microscope; the average void diameter is 0.8 micrometer. 

Examples 3 — 5 

A series of two-stage polymers is prepared using the polymer dispersion prepared in part A. 
Example 1 as the first stage. The second stage is polymerized by the procedure of part B. of Example 1 

30 substituting for 18 parts of methyl methacrylate the parts of monomers shown In Table I. The two- 
stage polymer dispersions are examined for encapsulation by optical microscopy and by titration as in 
part B. of Example 1. The titration results are given in Table I as a percentage of the theoretical weak 
(carboxylic) acid titer as calculated from the overall composition of the two-stage polymer. The two- 
stage dispersions are treated with ammonia and heated as in part C. of Example 1 and examined for 

35 void formation as in the same example. The results are given in Table I. 

TABLE I 



Example 


Monomer' 
(parts) 


Two-stage polymer 
before swelling 
Appearance Weak acid titer 
(microscope) % of theory 


Microvoid 
formation 2 


3 


4MMA 


OK 


2 


Yes 


4 


12S+6AN 


OK 


0 


Yes 


5 


1 8 i-BMA 


OK 


0 


Yes 3 



1 MMA=methyl methacrylate 
S=Styrene 
AN=acrylonitrile 
i-BMA=isobutyl methacrylate 

2 After swelling at 95°C and drying at 25°C. 

3 Some collapsed particles 

Example 6 

A series of two-stage polymer dispersions with the same composition but varying particle size is 
prepared by the procedure of Example 1 A and B. The composition of the first stage is the same as that 

60 of Example 1 A while the composition of the second stage is 24 parts of methyl methacrylate, 1 2 parts 
of isobutyl methacrylate and 0.4 parts of methacrylic acid for every part of first stage polymer. The 
particle size is varied by choosing initial seeds of different sizes for the polymerization of Example 1 A. 
The two-stage polymer dispersions are swollen by ammonia treatment as in part C. of Example 1. 
Average particle diameter of the swollen two-stage polymers and void diameter of the swollen particles 

& after drying are determined by microscopy. The swollen polymer dispersions are blended with a 
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commercial acrylic latex (Rhoplex R AC-64) and Kubelka-Munk scattering coefficients are measured on 

the dried films as described in Example 2. Thick 1,27x1 0~ 3 m (50 mil) film castings of the same blends 

are prepared along with castings of blends of the unswollen two-stage polymers with the same acrylic - 

latex (again 1 part of two-stage polymer solids to 3 parts of acrylic latex solids). The densities of the 

5 thick film castings are measured by buoyancy In silicone oil, and from the differences in density 
between the films containing the swollen two-stage polymers (and hence microvoids) and those 
containing unswollen two-stage polymers (no microvoids) the volume of microvoids in the film are 
calculated. The Kubelka-Munk scattering coefficient(s) for each swollen two-stage polymer blend is 
adjusted to unit concentration of microvoids; the results are presented in Table II. The percentage of 

io void volume in the films ranges from 1 .7 — 4.5. The scattering efficiency per unit concentration of voids 
goes through a maximum at an average void diameter of around 0.22 micrometer in agreement with 
the theoretical calculations of Ross (Ind. Eng. Chem., Prod. Res. Develop. 1 3, p. 45 — 49 (1 974)) for the 
scattering efficiency of spherical bubbles in a plastic matrix. 

is TABLE II 

Average Average 

particle void Acrylic latex films 



20 


diameter 
(micron) 


diameter, 
(micron) 


S/mx10" s 


(S/mil) 


%Void 
in film 


S/micrometer, 
unit concentration 




0.28 


0.13 


0.102 


(0.04) 


1.7 


0.10 




0.41 


0.20 


0.406 


(0.16) 


2.0 


0.32 


25 


0.45 


0.22 


0.533 


(0.21) 


2.1 


0.39 




0.50 


0.26 


0.584 


(0.23) 


3.7 


0.25 


30 


0.56 


0.30 


0.457 


(0.18) 


3.0 


0.24 


0.63 


0.33 


0.457 


(0.18) 


3.9 


0.24 




0.78 


0.40 


0.635 


(0.25) 


4.5 


0.22 


35 


0.94 


0.46 


0.584 


(0.23) 


4.5 


0.20 



Example 7 

The procedure of part B. of Example 1 is used to deposit a second stage of a crosslinked polymer 
of a mixture of styrene and divinylbenzene on the swollen two-stage core-sheath polymer of Example 3. 
40 The amount of Example 3 polymer dispersion used is that containing 10 parts of polymer solids with 4 
parts of styrene and 4 parts of divinylbenzene (55% purity commercial grade). The final average particle 
diameter is 0.8 micrometer. Upon drying the swollen particles, voids form having an average diameter 
of 0.6 micrometer. 

45 Example 7B 

The procedure of part B of Example 1 is used to deposit a second stage of uncrosslinked 
polystyrene on the swollen two-stage core-sheath polymer of Example 3. The amount of Example 3 
polymer dispersion used is that containing 5 parts of polymer solids to which is added 40 parts of 
styrene monomer. The final average particle diameter is 1.0 micrometer. Upon drying the swollen 
50 particles, voids form having an average diameter of 0.6 microns. 

Example 8 

The procedure of part B of Example 1 is used to deposit a second stage of a butyl acrylate-methyl- 
methacrylate copolymer on the core-sheath polymer dispersion of Example 1 B. The amount of Example 
55 1 B dispersion used is that containing 1 9 parts polymer solids with 1 0 parts of butyl acrylate and 8 parts 
of methyl methacrylate. The resulting core/sheath polymer is swollen with ammonia by the procedure 
of part C of Example 1. The swollen dispersion forms tough, whitish films upon drying at 25°C. having 
microvoids with average diameter of 0.8 micron. 

60 Example 9 

An alkali-swellable polymer dispersion with an average particle diameter of 0.12 micrometer is 
prepared by the procedure of part A of Example 1 except that 350 g. of a 40% solids acrylic polymer 
dispersion with an average diameter of 0.06 micrometer is used as the seed polymer. The resulting 
alkali-swellable polymer is used as a seed, that is an alkali swellable core, for the following three 
65 polymerizations to form a sheath thereon: 
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A. Twenty parts of monomer with composition by weight 35% isobutyi methacrylate, 64% methyl 
methacrylate and 1 % methacryiic acid is polymerized for every one part of solid alkali-swef iable seed by 
the procedure of part B of Example 1. The resulting two-stage polymer dispersion is swollen after 
ammonia treatment as in part C of Example 1 . 
5 B. Same as A but 24 parts of monomer is used instead of 20. 

C. Same as A but only 8 parts of monomer is used. The resulting swollen polymer dispersion (9 
parts of solids) is used as a seed for the further polymerization of 8 parts of a mixture of styrene and 
trimethylolpropane trimethacrylate (TMPTMA), 95/5 (W/W) by the procedure of part B of Example 1 . 

The three swollen polymers have average particle diameters of 0.35 — 0.40 micrometer. They are 
10 dried and immersed in oil as in part C of Example 1 . All three samples thus treated contain voids with 
average diameters around 0.25 micrometer. 

The three swollen polymer dispersions are formulated into three paints 9A, 9B, and 9C 
respectively. A solid polymethyl methacrylate (PMMA) dispersion of the same particle size range 

16 (0.35 — 0.40 micrometer) is formulated into a paint in the same way as a control: A pigment grind is 
prepared from 140 parts (by weight) of propylene glycol, 47 parts of Tamol R 731 (sodium salt of 50/50 
molar ratio copolymer of maleic anhydride and diisobutyfene), 2 parts of a defoamer (Nopco R NDW), 40 
parts of water and 868 parts of titanium dioxide pigment (Ti-Pure R R-900); the pigment grind is 
blended with the appropriate amount of the above swollen polymer dispersions and a commercial 

2Q acrylic latex paint vehicle (Rhoplex R AC-382) so that the dry paint films would be 14% by volume 
titanium dioxide, 25% by volume of the above swollen polymer dispersions and 61% binder by volume. 
Texanol R is added to the paints (5% on solid Rhoplex R AC-382) is a film coalescent. The paints are 
drawn down on opacity charts and scattering coefficients are determined on the dry films 2.54x 1 0 6 m 
(1 mil) thick as in Example 2. The results (Table III) show that compared to a corresponding paint 

2s pigmented with only 14% titanium dioxide by volume, the solid PMMA adds 1.27X10" 5 m (0.5 mil" 1 ) 
to the scattering coefficient swollen sample A contributes the same, swollen sample B with more 
encapsulating polymer than sample A contributes 1.778x10~ s /m (0.7 mil"" 1 ), while sample C with less 
encapsulating polymer than A or B contributes 3.048x1 0~ 5 /m (1.2 mil" 1 ). Sample C is accordingly the 
best opacifying agent. 

30 

TABLE III 



Sample 


S/mx1(r B 


(S/mil) 


Difference in S/mx 10~ s 
(S/mil) (compared to 
TI0 2 alone) 


9A 


15.49 


(6.1) 


1.27 


(0.5) 


9B 


16.0 


(6.3) 


1.78 


(0.7) 


9C 


17.27 


(6.8) 


3.05 


(1.2) 


PMMA (solid) 


15.49 


(6.1) 


1.27 


(0.5) 


None(14%Ti0 2 


14.22 


(5.6) 







45 by volume only) 

The following gives additional examples of variations in core compositions in these cases using 
the non-film-forming opaque pigment-like aspect of the invention. 

so Example 1 0 High sheath/core ratio (84/1 ) 

Example 7B is repeated only the amount of styrene is increased to 80 parts. The final average 
particle size is 1 .2 micrometers and the dry particles contain voids having an average diameter of 0.6 
micrometer. 

55 Example 1 1 Polyvinyl chloride) sheath 

The procedure of part B of Example 1 is used to deposit an additional stage of polyvinyl chloride) 

on the swollen two-stage, core-sheath polymer of Example 3. A stainless steel pressure reactor is used. 

The amount of polymer dispersion employed from Example 3 is that containing 5 parts of polymer 

solids. Fifty parts of vinyl chloride monomer is pumped into the reactor under pressure over a 90 minute 
60 period. The reaction temperature is maintained at 80°C. The final average particle diameter is 1.0 

micrometer. The average void diameter of the dry particles is 0.6 micrometer. 

Examples 12a — 12i 

A series of nine alkali swellable core polymer dispersions was prepared using seed polymers of 
65 three different sizes prepared by the general recipe of Example 0. Two basic procedures were used for 
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the alkali swellable polymers: a redox procedure for those polymers containing vinyl acetate and a 
thermal procedure for those not containing vinyl acetate. 

Redox procedure 

5 A 5-liter flask was equipped with a paddle stirrer, thermometer, nitrogen inlet and reflux 
condenser. Deionized water (2700 g.), 0.8 g. of acetic acid and 0.030 g. of ferrous sulfate heptahydrate 
were heated to 75°C under a nitrogen atmosphere. Sodium persulfate (0.8 g.) and 0.8 g. of sodium 
sulfoxylate formaldehyde were added to the kettle followed by the seed polymer dispersion (amount 
given in the table). A monomer emulsion (prepared from 800 g. of total mixed monomer, 275 g. of 

w water, 2.0 g. of sodium dodecylbenzene sulfonate and 3.2 g. of sodium acetate) was added to the flask 
over a 2-hour period along with a cofeed of 2.4 g. sodium persulfate dissolved In 100 g. of water and a 
cofeed of 2.4 g. of sodium bisulfite dissolved in 100 g. of water, maintaining the reaction temperature 
at 71 — 73°C. When the feeds were complete, the temperature was held at 71 — 73°Cfor 15 minutes 
and then the flask was cooled. At 55 — 60°C, 1 .6 g. of f-butyl hydroperoxide was added to the flask and 

re then 1 .0 g. of sodium sulfoxylate formaldehyde dissolved in 1 0 cm 3 of water. 

Thermal procedure 

To the same reaction apparatus used for the redox process above was added 2900 g. of deionized 
water and 4.0 g. of sodium persulfate. The kettle and contents were heated to 82° under a nitrogen 

20 atmosphere and then the seed polymer dispersion (amount given in table) was added. A monomer 
emulsion (prepared from 800 g. of total mixed monomers, 275 g. of water and 2.0 g. of sodium 
dodecylbenzene sulfonate) was added to the flask over a 2-hour period while maintaining the reaction 
temperature at 80 — 82°C. When the addition of monomer was complete, the temperature was 
maintained at 80 — 82 °C for 30 min. before cooling the dispersion to room temperature. 

25 All alkali swellable dispersions were filtered through a 100-mesh screen to remove coagulum. 
The solids content of the dispersions was measured and was 1 9.5 — 20.0%. Average particle diameters 
were measured by auto correlation spectroscopy (Coulter Nano-Sizer™) or optical microscopy. The 
average particle diameters of all nine dispersions increased measurably when neutralized to pH 10 with 
ammonia. The nine alkali swellable polymer preparations are summarized in the Table. 
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Examples 13a — 13i 

Encapsulation of 12a-i swellabie cores with hard acrylic sheath (20 BMA/78 MMA/2 MAA, sheath). 
The nine different alkali swellabie polymer dispersions of Example 12 were used as cores for the 
polymerization of a hard sheath composition (20% butyl methacrylate/78% methyl methacrylate/2% 
5 methacrylic acid) to give core/sheath weight ratio of 1/8 to 1/40 employing one of the two initiation 
procedures given belpw. 

Thermal Procedure 

Deionized water (1500 g.), 2.0 g. of sodium persuifate and 0.5 g. of sodium dodecylbenzene 
w sulfonate were heated to 82°C in a 3-liter flask equipped with a paddle stirrer, thermometer, reflux 
condenser, and nitrogen inlet. The alkali swellabie core polymer (25 g. of solid, 125 g. of dispersion, 
1 6/1 sheath/core ratio or 1 0 g., 50 g. of dispersion, 40/1 sheath/core ratio) was added to the kettle and 
then a monomer emulsion of 1 35 g. of water, 0.2 g. of sodium dodecylbenzene sulfonate, 80 g. of butyl 
methacrylate, 312 g. of methyl methacrylate and 8 g. of methacrylic acid was added over a 2-hour 
is period maintaining the temperature at 79 — 81 °C. The temperature was held at 79 — 81 °C for an 
additional 15 minutes and then aqueous ammonia (1.5 equivalents for every equivalent of core and 
sheath carboxylic acid) was added. The dispersion was held at 90°C for one hour, cooled to room 
temperature, and filtered through a 1 00-mesh screen. The solids contents were 1 9.0 — 1 9.5%. 

20 Redox procedure 

The same recipe and procedure was used as for the thermal procedure with the following 
exceptions. Ferrous sulfate heptahydrate (0.015 g.) was added to the initial kettle charge and the 
amount of alkali swellabie seed dispersion was increased to 50 g. of solid polymer (250 g. of 
dispersion, sheath/core ratio of 8/1). The polymerization temperature was maintained at 59 — 61 °C. A 

25 cofeed of 1 .0 g. of sodium bisulfite dissolved in 50 g. of water was used; 5 cm 3 of this solution was 
added to the kettle just before the start of the monomer feed and the remainder was added along with 
the monomer but finishing 1 0 minutes after the monomer addition was complete. The temperature was 
maintained at 59 — 6 1 °C for 1 5 min. after the end of the cofeed and then the ammonia was added. The 
dispersion was held at 90°C for one hour. The solids contents were 1 8.5 — 1 9.0%. 

30 Optical microscopy was used to estimate the average particle diameters and void diameters (see 
Example 1 C) of the nine swollen core-sheath dispersions. Anion exchange resin (Amberlite IR-120) was 
used to remove ammonia from the continuous phase and from the cores, and then the dispersion was 
titrated potentiometrically with 0.5 N potassium hydroxide. Some of the shell carboxylic acid (25 — 
35%) was titrated but little or none of the core carboxylic acid, showing good encapsulation of the core 

35 by the sheath. The nine core sheath-polymers are summarized in the table. 

TABLE for Example 13 
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Example No. 


Process 


Sheath/ 
core ratio 


Average particle 
diameter, micrometers 


Average void 
diameter, micrometers 


13a 


Redox 


8/1 


0.43 


0.24 


13b 


Redox 


8/1 


0.50 


0.35 


13c 


Redox 


8/1 


0.50 


0.24 


13d 


Redox 


8/1 


0.45 


0.30 


13e 


Redox 


8/1 


0.58 


0.37 


13f 


Thermal 


16/1 


0.62 


0.38 


13g 


Thermal 


16/1 


0.90 


0.55 


13h 


Thermal 


40/1 


0.55 


0.35 


13i 


Thermal 


16/1 


0.67 


0.35 



60 
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Example 14 Vinylidene chloride sheath 

To a glass reaction apparatus containing 730 parts of water stirred under nitrogen at 80°C is 
added 2.7 parts of sodium persulfate dissolved in 30 parts of water and then 80 parts of an alkali 
swellable polymer dispersion (5 butyl acrylate/55 methyl methacrylate/40 methacrylic acid by weight, 

5 30% solids content, 0.1 3 micrometer particle diameter, made by the procedure of part A. Example 1 ). A 
monomer emulsion of 57 parts of water, 0.10 g. sodium dodecylbenzene sulfonate, 43 parts of butyl 
methacrylate, 1 69 parts of methyl methacrylate and 4.4 parts of methacrylic acid is added over a 75- 
min. period maintaining the temperature at 80°C. Then 17 parts of 28% aqueous ammonia is added 
and 1 5 minutes later the addition of a monomer emulsion of 72 parts of water, 0.25 parts of sodium 

io dodecylbenzene sulfonate and 216 parts of styrene is begun still maintaining 80°C. The styrene 
addition if complete in 75 minutes. Then 2 parts of sodium persulfate dissolved in 1 00 parts of water is 
added and the temperature is maintained at 80°C for 30 minutes. Then 625 parts of water, 1 .6 parts of 
t-butyl hydroperoxide and 16 parts of an aqueous solution containing 0.15% ferrous sulfate 
heptahydrate and 0.1 0% Versene are added. The temperature is held at 65°C and 0.2 parts of sodium 

is sulfoxylate formaldehyde dissolved in 15 parts of water is added followed by the gradual addition over 
an 85-min. period of an emulsion of 1 55 parts of water, 0.1 part of sodium dodecylbenzene sulfonate 
and 234 parts of vinylidene chloride along with a cofeed of 0.6 parts of sodium sulfoxylate 
formaldehyde dissolved in 47 parts of water. Fifteen minutes after the completion of the feeds, 0.8 
parts of t-butyl hydroperoxide is added and then 0.4 parts of sodium sulfoxylate formaldehyde dissolved 

20 in 8 parts of water. Thirty minutes later, the dispersion is cooled to room temperature and filtered 
through a 100-mesh screen. The dispersion has a solids content of 25.5%. The average particle 
diameter is 0.40 micrometer and the average void diameter is 0.27 micrometer. 

Example 1 5 

25 The following formulation may be used to prepare a water-base paint: 



Component Parts 

Grind (Pigment Paste) 

Dispersant (e.g. 25% Tamol 731) 1 0.6 

Defoamer (e.g., Nopco NDW) 2.0 

Propylene Glycol 68.4 

Titanium Dioxide (e.g. RCL-9) 263.5 

Let-Down 

Propylene Glycol 49.2 

Coalescent (e.g. Texanol), optional 1 3.0 

Wetting Agent (e.g. Triton GR-7M) 2.0 

Water 50.9 

Preservative (e.g. Super Ad-It) 1 .0 

Binder (50% solids) 412.4 

Defoamer 3.0 

Cellulose ether (e.g. hydroxyethyl) 0 to 5 

Water, to make a total of 1064 

parts 

The resultant paint has: 

Pigment volume concentration 26.4% 

Volume solids 29.8% 

Weight solids 44.6% 



The binder may comprise a blend of a heteropolymer dispersion of the present invention with a 
65 commercial latex or emulsion copolymer dispersion in which the polymer solids of the heteropolymer is 
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at least about 5% by weight of the total polymer solids of the binder blend. Preferably, the relative 
proportions between the dispersed water-insoluble heteropolymer of the present invention and the 
other binder component comprising a vinyl addition polymer may be from 10:90 weight to 90:10 
weight ratio (solids basis). 

5 As stated hereinbefore, the use of the core/sheath heteropolymer particles in aqueous coating 
compositions can serve to introduce microvoids which opacify the final film obtained and can eliminate, 
or reduce the amount of, particulate materials, such as pigments or extenders, normally introduced into 
aqueous coating compositions for the purpose of delustering and/or opacifying the films obtained, and 
increasing hiding power of the pigmented or unpigmented compositions. 

10 Thus, the present invention contemplates the preparation of aqueous coating compositions 
comprising the mixing of the aqueous core/sheath heteropolymer dispersion of the present invention 
with an aqueous dispersion of a water-insoluble particulate material selected from (a) pigments, (b) 
extenders (e.g., silica or chain clays mentioned in US — A — 2795564), and (c) vinyl addition polymers, 
especially those containing a small amount (e.g. 1/2 to 3 or even up to 5 weight percent) of an acid, 

is such as acrylic acid, methacrylic acid, and itaconic acid, which are film-forming at ambient 
temperatures and (d) mixtures of such particulate materials as are mentioned in (a), (b), and (c), adding 
a volatile basic swelling agent to raise the pH to 8 to 1 2 or higher, thereby at least partially neutralizing 
the acid of the cores and swelling them, depositing a film of the composition on a solid substrate to be 
coated and/or impregnated and subsequently drying the film. Generally, the advantages of the use of 

20 the heteropolymer dispersion are noticeable when there is used an amount of such dispersion as will 
provide a quantity of core/sheath polymer solids that is at least 5% by weight of the total solids of the 
particular dispersions (a), (b), (c), or (d), and the benefits become more pronounced as the proportion of 
the core/sheath heteropolymer increases to 10% or higher, the most notable effect being observed 
when the proportion is increased to the range of 50% to 95% of the total particulate materials (solids). 

25 The compositions are useful not only in the field of paints but also in many other fields. For 
example, pigmented compositions may be applied to paper to provide coated products of various types. 
Grease-proof papers may be so prepared. Compositions may be modified with additional pigments and 
extenders, ratios of 4:1 to 30:1 of pigment to binder being best for coating of paper. The coated papers 
may be given a high gloss by a mild buffing. 

30 Other interesting applications of the dispersions of interpolymers of this invention include their 
use as quicktack adhesives, particularly for paper and cardboard, their use as additives for increasing 
the viscosity of solutions of urea-formaldehyde or melamine-formaldehyde condensates, or their use for 
sealing, priming, or coating leather. The dispersions may also be used to improve the abrasion 
resistance of fabrics and to decrease the lint available therefrom. They are also valuable for preparing 

35 pastes for the printing of textiles such as canvas. 

Similar compositions are desirable as sealers on felts. They can be applied to cement, stucco, 
concrete and other porous bodies to seal pores and prevent dusting and flaking. 

Another interesting utility is the separation of ammonia or amines from aqueous solutions such as 
of inorganic salts or bases. Ion exchange resins are not normally useful to selectively remove ammonia 

40 or amines from such solutions. 

Hydrophilic monomers are mentioned hereinabove. Suitable ones include (meth)acrylamide, vinyl 
acetate, hydroxyethyl (meth)acrylate. hydroxypropyl (meth)acrylate, dihydroxypropyl (meth)acrylate, 
diacetone (meth)acrylamide, N-vinyl pyrrolidone, methoxyethyl (meth)acrylate di- and triethylene glycol 
(meth)acrylate, polyethylene glycol (meth)acrylate, and (meth)acrylonitrile. 

45 

Claims 

1 . A process for making an aqueous dispersion of water-insoluble multi-stage polymer comprising 
(i) sequentially emulsion polymerising at a temperature of 10 to 100°C in an aqueous medium 

so containing free radical initiator (a) at least one monomer charge containing carboxylic acid monomer to 
thereby form dispersed core particles having an average diameter of 0.05 to 1 micrometer, and 
encapsulating the resulting core stage(s) by (ii) polymerising thereon (b) at least one subsequent sheath 
monomer system comprising monoethylenically unsaturated monomer having no ionizable group, to 
form sheath polymer on the core particles, any monoethylenically unsaturated carboxylic acid in the 

55 sheath monomer being present In an amount of no more than 10% by weight of the sheath monomer 
the proportion of carboxylic acid in the sheath monomer mixture(s) being less than one third of the 
proportion thereof in the core monomer mixture(s) the resultant core-sheath particles having an 
average diameter before neutralization and swelling of from 0.07 to 4.5 micrometers the relative 
amounts of core monomer (a) and sheath monomer (b) being such that the weight ratio of the core 

60 stage(s) to the total polymer in the resulting dispersed particles is from 1 :4 to 1 :100, said acid stage(s) 
being swellable upon at least partial neutralisation with volatile base and said encapsulating stage(s) 
being permeable to volatile base selected from ammonia and amines, the exterior sheath having a T, of 
greater than 50°C, and (Hi) neutralising with ammonia or amine so as to swell the core and form 
particles which when dried contain a single void; the particles being non-film-forming at 20°C. 

55 2. A process according to claim 1 wherein the sheath monomer mixture(s) form a sheath which is 
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impermeable at 20°C to fixed or permanent bases including sodium, potassium, calcium and 
magnesium hydroxides. 

3. A process according to claim 1 or 2 wherein at least about 85% of the core particles are 
encapsulated as evidenced by titration with aqueous potassium hydroxide. 
5 4. A process according to any preceding claim in which the formation of dispersed core particles 
in (a) is a multistage process involving first the preparation of seed polymer from monoethylenically 
unsaturated monomer which may or may not comprise monomer containing an acid group, and a 
second stage polymerization, on the seed particles, of ethylenically unsaturated monomer comprising 

( 1 ) 5 to 1 00 weight % of carboxylic acid, 
io (2) 0 to 95 weight % of monoethylenically unsaturated monomer lacking an ionizable group, and 

(3) 0 to 20 weight % of polyethylenically unsaturated monomer, using conditions to obtain core 
polymer particles having an average diameter of from 0.1 to 0.5 micrometer in unswollen condition, 
and the subsequently polymerised sheath provides core/sheath particles having an average diameter of 
up to about 2.0 micrometers in unswollen condition. 
16 5. A process according to any preceding claim in which the core/sheath particles have an average 
diameter of from 0.2 to 2.0 micrometers in unswollen condition and in which 0.1% to 3% of 
polyunsaturated crosslinking monomer is included in the core monomer mixture. 

6. A process according to any preceding claim in which, after the formation of the exterior sheath 
in (b), a outer layer of relatively softer polymer, of monomer selected to provide a polymer having a T, of 

20 less than 50°C and at least 1 0°C lower than that of the hard exterior sheath polymer, is applied. 

7. A process according to any preceding claim in which, the formation of the sheath is a multi- 
stage formation in at least one stage of which crosslinked polymer is formed from a mixture of 
monoethylenically unsaturated monomer and polyethylenically unsaturated monomer, the amount of 
the latter being 1% to 50% by weight of the mixture, the core/sheath polymer being swollen by at least 

25 partial neutralization by application of volatile base prior to the completion of the crosslinking stage 
when the amount of polyethylenically unsaturated monomer exceeds 5% by weight of the monomer 
mixture. 

8. A multi-stage polymer such as obtained by a process according to claim 1 having at least one 
core stage polymerized from monomer comprising carboxylic acid monomer and at least one 

30 subsequent stage substantially encapsulating said acid-containing stage(s) in a weight ratio in 
unswollen condition of core stage(s) to total polymer of 1 :4 to 1 :1 00, said acid stage(s) being swellable 
upon neutralisation with volatile base and said encapsulating stage(s) being permeable to said base, 
the exterior sheath having a T, of greater than 50°C and the particles being non-film-forming at 20°C 
and either being capable, on neutralisation with ammonia or amine so as to swell the core and 

ss subsequent drying of formation of a single void or, having been so neutralised and dried, containing a 
single void. 

9. A composition comprising an aqueous dispersion of particles of water-insoluble core/sheath 
polymer according to claim 8 having an average diameter of 0.07 to 4.5 micrometers, having a core 
polymerised from one or more monoethylenically unsaturated monomers having a group of the formula 

40 — HC=C<, at least one of said unsaturated monomers having a carboxylic acid group, and at least one 
encapsulating stage (a) having a T, greater than 50°C (b) being non-film-forming at 20°C (c) being 
permeable to ammonia and amines, (d) being substantially impermeable at 20°C to fixed or permanent 
bases including sodium, potassium, calcium and magnesium hydroxides, said core being swollen by 
neutralisation with ammonia or amine in the presence of water. 

1 0. The use of an aqueous dispersion of polymer particles of claim 8 or an aqueous dispersion of 
claim 9 or the product of a process of any of claims 1 to 7 in a mixture with an aqueous dispersion of a 
particulate material selected from pigments, extenders, vinyl addition emulsion polymers, and mixtures 
thereof as a coating composition. 

1 1. The use according to claim 10 in which a film of the coating composition is deposited on a 
SO solid substrate to be coated and/or impregnated, and the composition is subsequently dried, so forming 

single cavities in the cores of particles therein so as to contribute to opacity of said film. 

12. The use of an aqueous dispersion of water-insoluble core/sheath polymer particles of claim 8 
or an aqueous dispersion of claim 9 or a product of a process of any of claims 1 to 7 in a composition 
for coating and/or impregnating a substrate which composition also comprises film-forming vinyl 

ss addition polymer either dissolved or dispersed in an aqueous medium. 

13. The use of core/sheath product produced by the process of claim 6 in a composition for 
coating and/or impregnating, admixed, at a pigment volume concentration of 5 to 50% or higher, with 
an aqueous dispersion of water-insoluble emulsion vinyl addition polymer having an apparent second 
order transition temperature (T,) of 1 7 to 20°C, inorganic pigment and optionally extender. 

60 1 4. An opaque composition comprising swollen and subsequently dried particles of polymer of 
claim 8 or 9 having a single cavity in the core thereof. 

Patentanspruche 

ss 1. Verfahren zur Herstellung einer waBrigen Dispersion eines wasserunloslichen Vielstufen- 
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polymeren durch (i) aufeinanderfolgende Emulsionspolymerisation bei einer Temperatur von 10 bis 
100°C in einem waBrigen Medium, das einen freie Radikale liefemden Initiator enthSIt (a) wenigstens 
einer Monomercharge, die CarbonsSuremonomeres enthalt, unter Bildung von dispergierten Kern- 
teilchen mit einem durchschnittlichen Durchmesser von 0,05 bis 1 pm, und Einkapseln der erhaltenen 

5 Kemstufe(n) durch (ii) Daraufpolymerisieren (b) wenigstens eines anschlieBenden Hullenmonomer- 
systems aus einem monoethylenisch ungesattigten Monomeren ohne ionisierbare Gruppe unter Bild- 
ung eines Hullenpolymeren auf den Kernteilchen, wobei die monoethylenisch ungesattigte Carbon- 
saure in dem Hullenmonomeren in einer Menge von nicht mehr als 10 Gew.-% des Hullenmonomeren 
vorliegt, die Menge der Carbonsaure in der Hullenmonomermischung(en) weniger als ein Drittel der 

io Menge in der Kernmonomermischung(en) betr§gt und die erhaltenen Kern/Hulle-Teilchen einen durch- 
schnittlichen Durchmesser vor der Neutralisation und dem Quellen von 0,07 bis 4,5 /zm besitzen und 
die relativen Mengen des Kernmonomeren (a) und des Hullenmonomeren (b) derartig sind, daB das 
Gewichtsverhaltnis der Kernstufe(n) zu dem gesamten Polymeren in den erhaltenen dispergierten 
Teilchen zwischen 1:4 und 1:100 Hegt, wobei die sauere Stufe(n) bei einer wenigstens partiellen 

is Neutralisation mit einer fiuchtigen Base quellbar ist (sind) und die Einkapselungsstufe(n) gegenuber 
einer fiuchtigen Base, ausgewahlt aus Ammoniak und Aminen, durchlassig ist (sind), die auBere Hulle 
einen T r Wert von mehr ais 50° C besitzt und (iii) Neutralisation mit Ammoniak oder Amin zum An- 
quellen des Kerns sowie zur Bildung von Teilchen, die in getrocknetem Zustand eine einzelne Leerstelle 
enthalten, und die Teilchen bie 20°C nicht filmbildend sind. 

20 2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Hullenmonomermischung(en) 
eine Hulle bildet (bilden), die bei 20°C gegenuber fixierten oder permanenten Basen einschlieBlich 
Natrium-, Kalium-, Kalzium- und Magnesiumhydroxid undurchlassig ist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB wenigstens ungefahr 85% der 
Kernteilchen elngekapselt werden, wie sich durch Titration mit gasformigen Kaliumhydroxid zu 

25 erkennen gibt. 

4. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB die Bild- 
ung der dispergierten Kernteilchen in (a) ein Vielstufenverfahren ist, bei dem zuerst das Impfpolymere 
aus einem monoethylenisch ungesattigten Monomeren hergestellt wird, das ein Monomeres auf- 
weisen kann, welches eine sauere Gruppe enthdlt, und einer Aufpolymerisation in einer zweiten Stufe 

so eines ethylenisch ungesfittigten Monomeren auf die Impftellchen ist, wobei das ethylenisch unge- 
sattigte Monomere aus 

(1) 5 bis 100 Gew.-% einer Carbonsaure, 

(2) 0 bis 95 Gew.-% eines monoethylenisch ungesattigten Monomeren, das keine ionisierbare 
Gruppe aufweist, und 

35 (3) 0 bis 20 Gew.-% eines polyethylenisch ungesattigten Monomeren besteht, wobei Beding- 
ungen eingehalten werden, um Kernpolymerteilchen mit einem durchschnittlichen Durchmesser von 
0,1 bis 0,5 yum in nichtgegorenem Zustand zu erhalten, und wobei die anschlieBend polymerisierte 
Hulle Kern/Hulle-Teilchen mit einem durchschnittlichen Durchmesser von bis zu ungefShr 2,0 /xm in 
nichtgegorenem Zustand liefert. 

*o 5. Verfahren nach einem der vorhergehenden AnsprQche, dadurch gekennzeichnet, daB die 
Kern/Hulle-Teilchen einen durchschnittlichen Durchmesser von 0,2 bis 2,0 /xm in nichtgegorenem Zu- 
stand besitzen, wobei 0,1 bis 3% eines polyungesattigten vernetzenden Monomeren in der Kern-Mono- 
merischung enthalten sind. 

6. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB nach der 
45 Bildung der auBeren HGJIe in (b) eine auBere Schicht aus einem relativ weicheren Polymeren aus einem 

Monomeren, ausgewahlt zur Schaffung eines Polymeren mit einem T,-Wert von weniger als 50°C, der 
wenigstens 1 0°C tiefer ist, als derjenige des harten auBeren Hullenpolymeren, aufgebracht wird. 

7. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB die Bild- 
ung der Hulle nach einem Vielstufenverfahren erfolgt, wobei in wenigstens einer Stufe ein vernetztes 

so Polymeres gebildet wird aus einer Mischung aus einem monoethylenisch ungesattigten Monomeren 
und einem polyethylenisch ungesattigten Monomeren, wobei die Menge des letzteren 1 bis 50 Gew.-% 
der Mischung betragt, das Kern/Hulle-Polymere durch wenigstens partielle Neutralisation durch Ein- 
wirkenlassen einer fiuchtigen Base vor Beendigung der Vernetzungsstufe, wenn die Menge des poly- 
ethylenisch ungesattigten Monomeren 5 Gew.-% der Monomermischung ubersteigt, angequollen wird. 

65 8. Vielstufenpolymers, wie es nach einem Verfahren gemaS Anspruch 1 erhalten wird und 
wenigstens eine Kernstufe aufweist, polymerisiert aus einem Monomeren aus einem CarbonsSure- 
monomeren, und wenigstens eine darauffolgende Stufe, die im wesentlichen aus einer Einkappselung 
der saureenthaltenden Stufe(n) in einem Gewichtsverh§ltnis in nichtgegorenem Zustand der Kern- 
stufe(n) zu dem Gesamtpolymeren 1:4 bis 1:100 besteht, wobei die saure(n) Stufe(n) bei einer 

60 Neutralisation mit einer fIDchtigen Base quellbar ist und die Einkapselungsstufe(n) gegenuber der Base 
durchlassig ist (sind), und wobei die auBere HQIIe einen T,-Wert von mehr als 50°C besitzt und die 
Teilchen bei 20°C nicht filmbildend sind und entweder dazu in der Lage sind bei einer Neutralisation 
mit Ammoniak oder einem Amin eine Anquellung des Kerns sowie beim anschlieSenden Trocknen eine 
Bildung einer einzigen Leerstelle zu bewirken oder nach einem Neutralisieren auf diese Weise und 

65 einem Trocknen eine einzelne Leerstelle enthalten. 
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9. Masse aus einer waBrigen Dispersion aus Teilchen eines wasserunloslichen Kern/Hulle-Poly- 
meren gemaB Anspruch 8 mit einem durchschnittlichen Durchmesser von 0,07 bis 4,5 /xm mit einem 
Kern, polymerislert aus einem Oder mehreren monoethylenisch ungesSttigten Monomeren mit einer 
Gruppe der Formel — HC=C<, wobei wenigstens eines der nichtgesSttigten Monomeren eine Carbon- 

5 sauregruppe aufweist und wenigstens eine der Einkapseiungsstufen (a) wenigstens einen T,-Wert von 
mehr ais 50°C besitzt, (b) nicht fllmbildend bei 20°C ist, (c) gegenuber Ammoniak und Aminen durch- 
lassig ist, (d) im wesentlichen bei 20°C gegenuber fixierten oder permanenten Basen einschlieBlich 
Natrium-, Kalium-, Kalzium- und Magnesiumhydroxiden undurchlassig ist, wobei der Kern durch 
Neutralisation mit Ammoniak oder Aminen in Gegenwart von Wasser gequollen wird. 

10 10. Verwendung einer waBrigen Dispersion von Polymerteilchen gemaB Anspruch 8 oder einer 
waBrigen Dispersion von Anspruch 9 oder des Produkts eines Verfahrens gem§B etnem der Anspruche 
1 bis 7 in einer Mischung mit einer waBrigen Dispersion eines in Form von Einzelteilchen vorliegenden 
Materials, ausgewahlt aus Pigmenten, Verstreckungsmitteln, Vinyladditionsemulsionspolymeren sowie 
Mischungen davon ais Beschichtungsmaterial. 

is 11. Verwendung nach Anspruch 10, dadurch gekennzeichnet, daB ein Film der Beschichtungs- 
masse auf ein zu beschichtendes und/oder zu impragnierendes Substrat aufgebracht wird und die 
Masse anschlieBend getrocknet wird unter Bildung von einzelnen Hohlraumen in den Kernen der 
Teilchen, urn zu derTrubung des Films beizutragen. 

12. Verwendung einer waBrigen Dispersion von wasserunloslichen Kem/Hulle-Polymerteilchen 
20 gemaB Anspruch 8 oder einer waBrigen Dispersion von Anspruch 9 oder eines Produkts eines Ver- 
fahrens gemaB einem der Anspruche 1 bis 7 in einer Masse zum Beschichten und/oder zum 
Impragnieren eines Substrats, wobei die Masse auch ein filmbildendes Vinyladditionspolymere ent- 
weder gelost oder dispergiert in einem wSBrigen Medium aufweist. 

13. Verwendung eines Kem/Hullen-Produkts, erzeugt nach dem Verfahren nach Anspruch 6, in 
25 einer Masse zum Beschichten oder zum Impragnieren in Mischung mit einer waBrigen Dispersion eines 

wasserunloslichen Emulsionsvinyladditionspolymeren mit einer scheinbaren Einfriertemperatur (T,) von 
17 bis 20°C zusammen mit anorganischen Pigmenten und gegebenenfalls Verstreckungsmitteln bei 
einer Pigmentvolumenkonzentration von 5 bis 50% oder daruber. 

14. Trube Masse aus gequollenen und anschlieBend getrockneten Teilchen eines Polymeren 
so gemaB Anspruch 8 oder 9 mit einer einzigen Leerstelle in ihrem Kern. 

Revindications 

1. Procede pour preparer une dispersion aqueuse de polymere en couches multiples insoluble 
3 * dans I'eau comprenant (i) la polymerisation s6quentielle en emulsion £ une temperature de 1 0 d 1 00°C 

dans un milieu aqueux contenant un amorceur de radicaux libres de (a) au moins une charge mono- 
m6re contenant un acide carboxylique monomere pour former ainsi des particules de centre disperses 
ayant un dlamdtre moyen de 0,05 d 1 micrometre et ('encapsulation de la(les) couche(s) de centre 
obtenue(s) par (ii) polymerisation de celle(s)-ci de (b) au moins un syst6me monomere d'enveloppe 

40 ulterieur comprenant un monomere h insaturation mono6thyl6nique n'ayant pas de groupe ionisable, 
pour former un polymere d'enveloppe sur les particules de centre, tout acide carboxylique £ insatura- 
tion mono6thyl6nique dans le monomere d'enveloppe 6tant pr6sent en une quantite ne d6passant pas 
10% du poids du monomere d'enveloppe, la proportion d'acide carboxylique dans le(s) m6lange(s) 
monomere(s) d'enveloppe etant inf6rieure au tiers de sa proportion dans le(s) meiange(s) monomere(s) 

45 de centre, les particules centre-enveloppe obtenues ayant un diametre moyen avant neutralisation et 
gonflement de 0,07 d 4,5 micrometres, les quantites relatives du monomere de centre (a) et du mono- 
mere d'enveloppe (b) etant telles que le rapport pond6ral de la (les) couches(s) de centre au polymere 
total dans les particules dispersees obtenues soit de 1/4 d 1/100, ladite (lesdites) couches(s) acide(s) 
pouvant gonfler par neutralisation au moins partielle avec une base volatile et ladite (lesdites) couche(s) 

50 decapsulation etant permeable(s) e une base volatile choisie parmi I'ammoniac et les amines, 
I'enveloppe ext6rieure ayant une T, superieure e 50°C et (iii) neutralisation avec I'ammoniac ou une 
amine de fa9on £ gonfler le centre et former des particules qui, lorsqu'elles sont s6ch6es, contiennent 
un vide unique; les particules etant non filmogenes d 20°C. 

2. Proc6de selon la revendication 1 dans lequel le(s) m6lange(s) monomere(s) d'enveloppe 
55 forme(nt) une enveloppe qui est impermeable e 20°C aux bases fix6es ou permanentes comprenant les 

hydroxydes de sodium, de potassium, de calcium et de magnesium. 

3. Procede selon la revendication 1 ou 2 dans lequel au moins environ 85% des particules de 
centre sont essentiellement encapsu!6es comme le montre le titrage par I'hydroxyde de potassium 
aqueux. 

60 4. Proc6d6 selon Tune quelconque des revendications pr6cedentes, dans lequel la formation des 
particules de centre dispers6es en (a) est un processus en plusieurs stades comprenant tout d'abord la 
preparation d'un polymere d'ensemencement e partir d'un monomere e insaturation monoethyienique, 
qui peut ou non comprendre un monomere contenant un groupe acide, et un second stade de 
polymerisation sur les particules d'ensemencement, d'un monomere £ insaturation ethyienique 

65 comprenant 



19 



@®22 

(1) 5^1 00% en poids d'acide carboxylique, 

(2) 0 d 95% en poids de monomdre d insaturation monodthyldnique ddpourvu de groupe ionis- 
able, et 

(3) 0 d 20% en poids de monomdre d insaturation polydthylenique, en utilisant des conditions 
5 telles qu'on obtienne des particules de polymdre de centre ayant un diamdtre moyen de 0,1 d 0,5 

micrometre d I'dtat non gonfld et I'enveloppe polymdrisde ultdrieurement foumit des particules 
centre/enveloppe ayant un diamdtre moyen d'au plus environ 2,0 micrometres d I'dtat non gonfld. 

5. Procddd selon Tune quelconque des revendications prdcddentes dans lequel les particules 
centre/enveloppe ont un diamdtre moyen de 0,2 d 2,0 micrometres d I'dtat non gonfld et oil 0,1 d 3% 

io du monomdre reticulant polyinsaturd sont incius dans le melange monomdre de centre. 

6. Procddd selon Tune quelconque des revendications prdcddentes, dans lequel aprds la forma- 
tion de I'enveloppe extdrieure en (b), on applique une couche extdrieure de polymdre, relativement plus 
tendre, de monomdre choisi pour fournir un polymdre ayant une T, infdrieure d 50°C et infdrieure d'au 
moins 1 0°C d celle du polymdre dur de I'enveloppe extdrieure. 

is 7. Procddd selon Tune quelconque des revendications prdcddentes, dans lequel la formation de 
I'enveloppe est une formation en plusieurs stades dans au moins un stade de laquelle un polymdre reti- 
culd est formd d partir d'un mdlange de monomdre d insaturation monodthyldnique et de monomdre d 
Insaturation polydthylenique, la quantitd de ce dernier dtant de 1% d 50% du poids du mdlange, le poly- 
mdre centre/enveloppe dtant gonfld par neutralisation au moins partielle par application d'une base 

20 volatile avant I'achdvement du stade de rdticulation lorsque la quantitd du monomdre d insaturation 
polydthyldnique ddpasse 5% du poids du mdlange monomdre. 

8. Polymdre d couches multiples tel qu'obtenu par un procddd selon la revendication 1, ayant au 
moins une couche de centre polymdrisde d partir d'un monomdre comprenant un acide carboxylique 
monomdre et au moins une couche ultdrieure encapsulant essentiellement ladite (lesdites) couche(s) 

25 contenant un acide dans un rapport ponddral d I'dtat non gonfld de la (les) couche(s) de centre au 
polymdre total de 1/4 d 1/100, ladite(iesdites) couche(s) pouvant gonfier par neutralisation avec une 
base volatile et ladite(lesdites) couche(s) d'encapsulation dtant permdable(s) d ladite base, I'enveloppe 
extdrieure ayant une T, supdrieure d 50°C et les particules dtant non filmogdnes d 20°C et soit cap- 
ables par neutralisation avec I'ammoniac ou une amine de faire gonfier le centre et par sdchage 

30 ultdrieur de former un vide unique soit, aprds avoir dtd ainsi neutralisdes et sdchdes, contenant un vide 
unique. 

9. Composition comprenant une dispersion aqueuse de particules d'un polymdre 
noyau/enveioppe insoluble dans I'eau selon la revendication 8 ayant un diamdtre moyen de 0,007 d 4,5 
micromdtres, ayant un centre polymdrlsd d partir d'un ou plusieurs monomdres d insaturation 

36 monodthyldnique ayant un groupe de formule — HC=C<, au moins un desdits monomdres insatures 
ayant un groupe acide carboxylique, et au moins une couche d'encapsulation (a) ayant une T, 
supdrieure d 50 °C, (b) dtant non filmogdne d 20°C, (c) dtant permdable d I'ammoniac et aux amines, 
(d) dtant essentiellement impermdable d 20°C aux bases fixdes ou permanentes y compris les 
hydroxydes de sodium, potassium, calcium et magndsium, ledit centre dtant gonfld par neutralisation 

40 avec I'ammoniac ou une amine en prdsence d'eau. 

10. Utilisation d'une dispersion aqueuse de particules de polymdre de la revendication 8 ou d'une 
dispersion aqueuse de la revendication 9 ou du produit d'un procddd de I'une quelconque des reven- 
dications 1 d 7, dans un mdlange avec une dispersion aqueuse d'une matidre particulate choisie parmi 
les pigments, ies diluants, les polymdres d'dmulsion d'addition vinyiique et leurs mdlanges comme 

45 composition de revetement. 

1 1. Utilisation selon la revendication 10 dans laquelle une pellicule de la composition de revete- 
ment est ddposde sur un substrat solide d revdtir et/ou imprdgner et la composition est ensuite sdchde 
de fapon d former des cavitds uniques dans les centres des particules pour contribuer d I'opacite de 
ladite pellicule. 

60 12. Utilisation d'une dispersion aqueuse de particules de polymdre centre/enveloppe insoluble 
dans I'eau de la revendication 8 ou d'une dispersion aqueuse de la revendication 9 ou d'un produit d'un 
procddd de I'une quelconque des revendications 1 d 7 dans une composition pour le revetement et/ou 
I'imprdgnation d'un substrat, la composition comprenant dgalement un polymdre d'addition vinyiique 
filmogdne soit dissous soit dispersd dans un milieu aqueux. 

6S 13. Utilisation d'un produit centre/enveloppe produit selon le procddd de la revendication 6 dans 
une composition pour le revdtement et/ou I'imprdgnation, en mdlange, avec une concentration pigmen- 
taire volumique de 5 d 50% ou plus, avec une dispersion aqueuse d'un polymdre d'dmulsion d'addition 
vinyiique insoluble dans I'eau ayant une tempdrature apparente de transition de second ordre (T,) de 1 7 
d 20°C, un pigment mindral et dventuellement un diluant. 

60 14. Composition opaque comprenant des particules gonfldes puis sdchdes de polymdre de la 
revendication 8 ou 9 ayant une cavitd unique dans leur centre. 
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